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Abstract 
This paper highlights various routes for glycerol reaction and also pathway for heterogeneous catalyst and also being 
obtained as by product of biodiesel making it cost effective and easy availability. Whereby it also aims at development of 
rate model and compares values of calculated and experimentally obtained rate constant. It also aims at hydrogenation 
carried out at liquid phase and gas phase and also various types of catalyst, support and promoter that can be used in 
hydrogenation of glycerol, and also advantage of various by-products and intermediate formed by glycerol hydrogenation 
reaction. It also aims at various intermediate formed by acid/solid base catalyst. 
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Nomenclature 
K, K1, K2 = Rate constant 
CGO, CP = Concentration 
-r = Rate  
X = Conversion  
1. Introduction :-  
Nowadays Interest in catalytic conversion of renewable feedstock and chemicals to valuable products is being increasing 
day by day. Recently Conversion of renewable feedstock to petrochemicals can provide the replacement of petroleum. 
Moreover it has been proposed that commodity chemicals that are derived from fossil resources are used to pharmaceuticals, 
agricultural adjuvant, plastics and transportation fuel [1].   
Biodiesel has proved to be environmentally friendly diesel fuel. Its use is enlarged and has been used instead other. The 
transesterification of triglycerides with methanol in presence of acidic or basic catalyst results into biodiesel consisting of 
fatty acid methyl esters (FAME) [2]. The increase in production of biodiesel has let to increase in production of glycerin, as 
because glycerin is produced as by-product in biodiesel this led to increase in formation of glycerin. Out of 1 tonne of 
biodiesel, 100 kilogram of glycerin is obtained as byproduct that is 10% (wt) of biodiesel. The market is likely to be caused 
to absorb due to limited demand for glycerol in medicines, cosmetics and sweetening agents [11].  
It is due to highly functional nature of glycerol that it can be oxidized, reduced, halogenated, etherified, and esterified to 
obtain commodity chemicals. Glycerol can be converted to various valuable products that include conversion of glycerol to 
1,2Propanediol by hydrogenation. Glycerol can be converted to hydrogen and synthesis gas by reforming reaction. Among 
various technologies that are as far as being reported, catalytic synthesis of Propanediol from glycerol instead of propylene 
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oxide is more favourable in green chemistry and industrial applications [3, 4].      
 
Fig.1. Varoius reaction pathway for glycerol [22].  
Recently attention has been paid to conversion of glycerol to high value-added products such as 1, 2Propanediol (propylene 
glycol), acetol, and hydrogen apart from all there is formation of 1,3propanediol which is formed in less quantity [5]. The 
production of Propanediol from renewable feedstock (glycerol) is desirable as it lowers the carbon footprint and provides 
economical benefit, making biodiesel production cost-effective process. One of the examples of glycerol is that later 
acrolein was produced from high valued propylene that causes high cost in production [6]. But acrolein produced as 
intermediate in glycerol hydrogenolysis using acid catalyst is a promising eco-friendly alternative to the present commercial 
acrolein production process based on petrol-derived propylene, resulting into oil saving and thereby reducing the cost [7].  
Thus glycerol is regarded as one of the building block in the biorefinery feedstock. Glycerol is one of the top 12 chemical 
building blocks that can be converted to product that is of more marketable value. Its availability along with low price 
makes crude glycerin an attractive feedstock for variety of derivative chemicals [8]. 
Hydrogenolysis of glycerol is a clean and economically competitive route for production of commodity chemical from 
renewable feedstocks. There are various several routes to formation of Propanediol from renewable feedstock. One of the 
common examples includes sugar or sugar alcohols at high temperature and pressure [1]. 1,2 Propanediol is an industrially 
interesting raw material. It is used in large number of applications namely, in the food industry, as a moisture retaining 
agent for tobacco, as a solvent for dyes and aroma substances, in cosmetics, as a component of brake and hydraulic fluid, 
antifreeze agents, lubricants in refrigerating machines, as a solvent for fats, oils, resins, waxes [9]. It is also used as a raw 
material for making other products. Various products can be used as solvents, for synthesis, as softeners, as thickening 
agents, emulsifiers etc. can be obtained by esterification and or etherification [10]. It is prepared industrially by hydration of 
propylene oxide, and by hydrogenation of glycerol. 
Several groups have been reported for hydrogenation of glycerol to 1, 2Propanediol, on different catalyst system. Which 
include, Rh, Ni, Ru, Pt, Pt-Ru, Ag-OMS and Cu catalysts etc, supported on Tio2, Sio2, γ-Al2O3, bentonite, Active carbon, 
HZSM-5, Zno, Cr2O3, Al2O3,  SBA-15,that include promoters like Ce, K, Cu, Mo [2,11]. 
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Fig. 2. Glycerol hydrogenation to 1,2Propanediol using acid - base catalyst [23]. 
There are various intermediate product formations like acetol when an acid catalyst is used for hydrogenation of glycerol, 
along with the product 1, 2propanediol there is various byproduct formation that include, propanol, lactic acid, propanoic 
acid and ethylene glycol as major product that had a (4%) annual market growth [11,12]. Selective hydrogenolysis of 
glycerol to 1,2Propanediol requires a cleavage of C-O bond by H2 addition without attacking C-C bond in the glycerol 
molecules [13]. Acrolein that is an intermediate in glycerol hydrogenation is an important chemical in industry as it serves 
as a raw material for production of acrylic acid ester, absorber polymers, and detergents. Ethylene glycol that is formed as a 
byproduct is used as antifreeze, and serves as a starting material for production of polyesters [14].       
Similarly when a base catalyst is used for hydrogenation of glycerol, the intermediate formed are glyceraldehydes, 2-
Hydroxyacrolein etc [15].  
1.1. Literature survay 
For the hydrogenation process, the methods can be divided into both liquid phase and gas phase hydrogenolysis. 
Liquid phase hydrogenation is usually carried out at reaction conditions such as temperature ranging from 120° to 220 °C 
and at pressure of 1- 31.1 MPa.Whereby most of the gas phase reaction is carried out at less than 1MPa [14]. 
Yonghai Feng, at ambient pressure condition has prescribed the effect of various metallic copper and oxides support and 
resulted into 20% selectivity [14]. Whereas at same pressure condition Xiaoyuan Liao, has prescribed in his paper the 
effect of various promoter like K, Cu, Mo etc out of which Cu as a promoter came up with 55% conversion and 26.2% 
selectivity [16]. 
At pressure between 10 – 15bar, Alvise Perosa has aimed at effect of pure and crude glycerol and also at various 
reactions time at 20 and 44 hr [17]. A. Bienholz, came up with result obtained at different phase of reaction as well as 
catalyst preparation process that aim at obtaining better result in gas phase reaction [18]. 
At pressure between 20-30bar Shuixin Xia, has prescribed Pd-Cu bimetallic solid base catalyst that focuses on fresh as 
well as recycled catalyst [4]. Shuixin Xia also described in one more paper using rhodium as promoter obtained through 
trivalent metal ion (Rh3+). Out of which rhodium contributed best result giving 91%conversion and 98.7% selectivity [11]. 
Noraini Hamzah, using the same pressure condition highlighted the activity of various support and mixed support in 
reaction and effect of small amount of Ru particles contributing high activity in the reaction [19]. 
At pressure condition between 24-40bar, F. Vila, at 24bar pressure condition has prescribed the effect of various species of 
copper obtained after pre-treatment like oxidizing and reducing agents [20]. Whereby Zhenle Yuan, came up with best 
result achieving 80%conversion and 98.2% selectivity, using solid base catalyst containing cu homogenously dispersed 
that were characterized by, N2-adsorption, TPD etc, [21].  
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2. Rate model for Glycerol Hydrogenation to 1,2Propanediol 
Rate model for reaction of glycerol hydrogenation to 1,2-Propanediol:- 
H2 + 2 S1   2H.S1       
G + S2  G.S2 
G.S2  A.S2 + H2O 
A.S2 + 2H.S1  P.S2 + 2S1 
A.S2  A + S2 
P.S2  P + S2 
From above equations the first two equations determines adsorption on vacant site, then next two equations determines 
surface reaction involving glycerol forming intermediate 2-Hydroxyacrolein, and further 2-Hydroxyacrolein resulting into 
1,2Propanediol. Finally the last two equations represent desorption of 1,2Propanediol and 2-Hydroxyacrolein from the 
surface. 
1. Rate equation for hydrogen and glycerol adsorption on the surface   
 -rAD1= k1 (PH2 CV12 –  ) , Where, KA1= K1/K2 
 -rAD2= k3 (CG CV2 –  ) , Where, KA2= K3/K4 
2. Rate equation for the surface reaction involving glycerol and 2-Hydroxyacrolein resulting into 1,2Propanediol. 
 -rSR1= k5 (CG.S2 –  ) , Where, KS1= K5/K6 
 -rSR2= k7 (CA.S2.CH.S12 –  ) , Where, KS2= K7/ K8 
3. Rate equation for desorption of 1,2Propanediol and hydroxyaceone from the surface. 
  - rD1 = k9 (Cp.  -  ), Where, KD2 = K9/K10  
  -rD2 = k11 ( -  ) , Where, KD2 = K11/K12 
Now, assuming the surface reaction as the rate limiting step, so -rAD1, -rAD2, -rD1, and -rD2 = 0 
 -rAD1= k1 (PH2 CV12 –  ) 
     0 
0 = (PH2 CV12 –  )  , C H.S2 =  CV1 
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 -rAD2= K3 (CG CV2 –  ) 
     0 
0 = (CG CV2 –  )  , CG.S2 = KA2 CG CV2 
- rD1 = K9 (Cp.  -  ) 
     0 
CA.S2 =  
-rD2 = K11 ( -  ) 
   0 
CP.S2 =  
CT1 = CV1 + CH.S1 
   = CV1 +  CV1 
CV1 =  
CT2 = CV2 + CG.S2 + CA.S2 + CP.S2 
       = CV2 + KA2 CG CV2 +   +  
CV2 =  
Now, developing rate model for the reaction Glycerol Hydrogenation to 1,2Propanediol  
-rSR1 = k5 (CG.S2 –  ) 
       =  
-rSR2 = k7 (CA.S2.CH.S12 –  ) 
        =  
As the 2-Hydroxyacrolein to 1,2Propanediol conversion is very fast and cannot be determined so (-rSR2) equation becomes 
zero. Now, considering the reaction (-rSR1), and neglecting 2-Hydroxyacrolein formation as we get equation. 
 =  
CP = CGO XA , CG = CGO (1-XA) 
Irreversibility of surface reaction was tested with Gibbs free energy correlation. Following calculation suggest that reaction 
1 is irreversible and theoretically 100% conversion is feasible.  
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  Table 1:-Taking values from literature to determine that it is forward or backward of reaction [24,25,26]. 
Sr no Compound ΔG(J/mol) 
1 Glycerol -477337.068 
2 1,2Propanediol -333687.96 
3 Water -237129 
 
Therefore ΔG of product-reactant, according to reaction 
C3H803 + H2 ֎C3H802 + H2O 
- ln K = (ΔG)/RT 
ΔG = (-333687.96 - 237129) – (-477337.068) 
 ΔG = - 93479.892 
ΔG/RT = - 93479.892/8.314  298.15 
            = -37.71146188 
That signifies the rate of reaction is in the forward direction 
- ln K   =  -37.71146188 
  ln K   =   37.71146188   
Cosidering reaction 1 is the irreversible rate of reaction 1 is given by, 
-rSR1  =  
This model rate expression was tested with experimental results from literature survey. Experimental data [2] were found 
using a graph of conversion vs. time by plotting tangent at each conversion level. Values of experimental rate data are 
reported in Table 2. Based on the rate expression derived for rate controlling reaction 1, regression was carried out to find 
unknown constant using polymath software.  Values of constants are given below at CGo = 0.06521 mol/lit,. 
From above equation k = k` 
k’= 76.077722, kA2= 280.70762, kp= 3479.9729 values obtained by regression  
 
Data was evaluated only for one temperature. 
 
 Table 2:- Values of conversion and reaction time from literature [4]. 
 
Sr no Conversion(X) Reaction 
time(hr) 
-rEXP -rCAL 
1 0.27 1.5 13.5 13.441 
2 0.53 3.5 4.4 5.0395 
3 0.66 6.5 3.4545 3.0158 
4 0.77 9.5 2.1428 1.7799 
5 0.84 14.5 1.3235 1.1452 
6 0.925 19.5 1 0.4920 
 
Figure 3 shows very good fit for comparison of experimental results with the predicted rate of reaction. 
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Fig. 3. Deviation between Calculated Rate value and experimental value. 
 
3. Result and discussion:- 
Rate of reaction for any reaction is essential requirement for the reactor design purpose. Prediction of rate of reaction 
depends on the type of catalyst used in reaction and reaction conditions. In this paper LHHW model was tried to fit with 
suitable mechanism and reaction rate expression was developed from basic theory. Experimental rate were found from 
literature survey. Regression of experimental data was carried out to predict constants of developed rate expression. 
Comparison of experimental and calculated value shows very good fit and shows that the derived rate expression is 
suitable for liquid phase reaction. 
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